An anomalous reaction has previously been found during the study of chiral aziridine (e.g. 5 in Fig. 1 ). The (R)-1-bromo-2benzylaminobutane hydrobromide (1) was converted into racemic 3-bromo-1-benzylamino-butane hydrobromide (3) via 2 at 160˚C with over 70% yield. Experiments have been performed to determine the new thermal rearrangement. 1 This result was also confirmed by the formation of four-membered cyclic amine (azetidine (4)) from 3. Further, the study of azetidine has been stimulated by interests in the relationship between ring size and reactivity, and in the stereochemistry. 2 The free bases of the respective optically active 1-benzyl-2methyl azetidine ((+) 4, bp 105˚C/22 mmHg, [α]D + 39.26˚ (c 2.05 ethanol), and (-) 4 (bp 105˚C/22 mmHg, [α]D -39.42˚ (c 2.07, ethanol)) were obtained by the conventional diastereoisomeric optical resolution method with camphor sulfonic acid for (+) 4, and with (+)-tartaric acid for (-) 4, respectively.
Single crystal X-ray analysis of the title compound (+) 4.HBr (mp 161 -162˚, [α]D + 13.43˚ (c 1.02, ethanol)), which was derived from the free base (+) 4, was performed in order to clarify the structure and the absolute configuration.
A colorless pillar crystal having a size of 0.48 × 0.15 × 0.08 mm was used. The data were collected to a maximum 2θ value of 59.1˚. A total of 42 oscillation images were collected. A sweep of data was done using ω scans from 130.0 to 190.0˚ in 5.0˚ step, at χ = 45.0˚ and φ = 0.0˚. A second sweep was performed using ω scans from 0.0 to 150.0˚ in 5.0˚ step, at χ = 45.0˚ and φ = 180.0˚. The data were collected with graphite- A thermal rearrangement reaction of (R)-1-bromo-2-benzylaminobutane hydrobromide gave 3-bromo-1benzylaminobutane hydrobromide. The process was confirmed by formation of a four-membered cyclic amine, the azetidine. After optical resolution of the racemic azetidine obtained, the compound was analyzed by its hydrobromide. The absolute configuration was unambiguously determined as S. The azetidine ring is bent to have a dihedral angle of 153˚ at the diagonal through non-N atoms. Table 1 summarizes the crystal and experimental data. The atomic coordinates are given in Table 2 , the selected bond parameters are listed in Table 3 , and the structure of the compound is shown in Fig. 2 . The absolute configuration was determined by refinement of the Flack parameter, based on 221 Friedel pairs, and was assigned S. The sign of this compound is consistent with those of non-N or N-substituted (+)-2-methylazetidines. 2 Two points are of direct interest for the structure of the azetidinium ring: (1) the bond lengths and (2) the dihedral angle in the ring. The respective bonds are approximately the same lengths in 4.HBr.
On the other hand, the values of unsubstituted and unprotonated azetidine (free base, gas) derived from microwave spectroscopy and electron diffraction appear rather normal (C-C 1.563(3) and C-N 1.473(3)Å). 3 This difference is observed in several other studies of compounds containing protonated and unprotonated azetidine rings. 4 The endocyclic bonds are generally longer than the exocyclic ones. This lengthening may be attributed to the strain in the fourmembered ring.
As shown in Table 3 , the torsion angles of the azetidinium ring in 4.HBr mean a non-planar arrangement. The dihedral angle (θ, measured as the angle between the planes C(2)-N(1)-C(4) and C(2)-C(3)-C(4)) was found to be 153.5(6)˚. For fifteen azetidines and azetidinium derivatives, the ring is found to be puckered with θ ranging from 150˚ to 180˚. 4 The values of corresponding angle are 150˚ in azetidine (free base), and 154˚ in cyclobutane, respectively. 3, 5 The energy difference between the planar conformation and the bent conformation of the four-membered ring seems to be small as in the case of for cyclobutane, where the difference is 5.9 kJ mol -1 . 5 Thus the ring geometry in azetidines is controlled by a delicate balance between various factors including protonation, basicity, variety and the number of substitutions and the symmetry of the molecule.
A hydrogen bond exists between the protonated N(1) and the Br(1) atoms [N(1)···Br(1) 3.256(5)Å, N(1)-H(1)···Br(1) 164.9˚]
There are no particularly short intermolecular distances. 
